ever, none of the papers have reported the results of external plate fixation in a large series, particularly for both closed and open fractures. The purpose of this study was to evaluate the results of external fixation using the femoral less invasive stabilization system (LISS) plate in both closed and open proximal metaphyseal fractures of the tibia.
METHODS

Patients
The study was approved by our Institutional Review Board and informed consent was given by the patients. Inclusion criteria were skeletal maturity, an isolated fracture involving the proximal one-third of the tibia. Pathological fractures, Gustilo type IIIB, type IIIC open fractures, 10) tibial fractures accompanied by a soft tissue defect on the anteromedial aspect of the tibia, multiple fractures with spinal injury, and lower limbs with a pre-existing neurological deficit or vascular disease were excluded from this study.
Between July 2011 and September 2012, 35 patients with an isolated tibial proximal metaphyseal fracture underwent external fixation at our institute. There were 26 men and 9 women with a mean age of 42 years (range, 21 to 62 years). Thirteen patients sustained a fracture as a result of a fall, 7 patients sustained a fracture in a motor vehicle accident, and 15 patients sustained a fracture in an automobile-pedestrian accident. The fractures were classified according to the AO Foundation and Orthopaedic Trauma Association (AO/OTA) guidelines: 11) type 41-A2 in 18 cases and type 41-A3 in 17 cases. There were 10 open fractures, including 3 Gustilo type I, 4 Gustilo type II, and 3 Gustilo type IIIA fractures. Two patients were diabetic, and it was controlled before surgery.
The mean time between injury and operation was 3 days (range, 2 to 7 days) in closed fractures. For open fractures, external plating was performed after debridement during the emergency operation.
Surgical Technique
Three surgeons who had 15 years of experience in orthopaedic surgery performed the operations. The patient was placed supine on the operating The ipsilateral femoral LISS plate was used, i.e., the right femoral LISS plate was used to fix the right proximal tibial fracture and the left femoral LISS plate was used to fix the left proximal tibial fracture. The broad end of the plate was placed close to the knee joint since it can allow insertion of more screws for stabilization of the short proximal segment.
For closed oblique and spiral fractures, a small incision (3 to 5 cm) was made to expose and clean the fracture gap. The fracture was anatomically reduced. A clamp or two K-wires were used to temporarily fix and maintain the anatomic reduction. Definitive external fixation was achieved with a femoral LISS plate (9 or 11 holes). The plate was placed on the anteromedial aspect of the tibia as close to the skin as possible. A stack of evenly folded towels (1 to 2 cm in thickness) was placed under the plate to keep the plate away from the skin, preventing impingement between the plate and the skin. Successive holes were drilled over locking drill-guides through stab incisions where the overlying soft tissue envelope was intact. The depth of the drilled holes was gauged. Locking screws of the corresponding length were inserted. All screws were bicortical. At each end of the fracture, four to five bicortical locking screws were inserted. The position and orientation of the screws were checked with fluoroscopy.
For closed comminuted fractures, under live Carm fluoroscopy, restoration of length and alignment was achieved by manual traction and percutaneous manipulation using Schanz pins. Two K-wires were used to percutaneously fix and maintain the reduction. The steps for placement of screws and plate were the same as those mentioned above. For open fractures, after excisional debridement, external plating was performed during the emergency operation. The steps for placement of screws and plate were the same as those mentioned above.
The patients were allowed to walk with partial weight-bearing from the second postoperative day. The screws were cleaned twice a day using Betadine. Patients were instructed to visit the clinic for examination every 4 weeks. At each follow-up, radiographs of the tibia were taken and the patients were evaluated using the Hospital for Special Surgery (HSS) knee scoring system and American Orthopaedic Foot & Ankle Society (AOFAS) ankle scoring system. 12) Fracture healing was defined as the presence of cortical bridging on biplanar radiographs. Complications were defined by fixation failure, infection, and nonunion. Once cortical bridging was observed on biplanar radiographs, the patients were allowed to walk with full weight-bearing for one month before removing the plate in the clinic. The time to fracture healing and postoperative complications were observed and documented.
RESULTS
All patients were followed up for a mean period of 18 months (range, 13 to 22 months). The mean duration of surgery for closed fractures was 32 minutes (range, 20 to 65 minutes). All fractures healed without any complications. The mean time to fracture healing was 14 weeks (range, 10 to 20 weeks). After walking with full weight-bearing for one month, the patients underwent uneventful plate removal in the clinic within 3 minutes. The pain during plate removal was assessed by visual analogue score (VAS). The average VAS score was 3.5 points (range, 1 to 5 points).
According to the HSS knee scoring system and AOFAS ankle scoring system, the mean HSS score was 91 (range, 85 to 100) and 98 (range, 93 to 100), and the mean AOFAS score was 94 (range, 90 to 100) and 98 (range, 95 to 100) at 4 weeks postoperatively and final follow-up (Table 1) .
In two patients, effusion from one or two screw sites was observed. One effusion was under control with one week of daily cleaning with Betadine. The other effusion persisted even after one week of cleaning with Betadine, and the screws involved in the effusion were removed. There was no case of deep infection, malaligned union, nonunion, and loosening or breakage of plates and screws. All patients were satisfied with the outcome. The photographs of the representative cases are shown in Figs. 1-5 .
DISCUSSION
The technique of external fixation using a plate is not new. The early design of an external plate such as the Zespol implant coupled with multiple nuts and washers 13) may have dissuaded surgeons who may have been otherwise more receptive to this technique. 14) With the advent of locking plates with fewer moving parts, this technique was used in the management of open fractures, septic arthritis, and was called the 'supercutaneous plating technique. ' [15] [16] [17] However, in most of the previously reported studies, only a small number of patients and open fractures were included, and the tibial fracture was fixed with a tibial locking plate which was thinner than the femoral LISS plate.
In our study, the femoral LISS plate was used as an external fixator to fix both closed and open proximal tibial metaphyseal fractures. The plate was placed on the anteromedial aspect of the tibia, with its broad end close to the knee joint, because we found that the contour of the femoral LISS plate matched the anteromedial aspect of the lower leg. The broad end of the femoral LISS plate offers greater versatility for inserting the screws as it has 7 holes that allow more precise modulation to obtain the greatest bone purchase in the proximal segment. In contrast to the tibial locking plate, the femoral LISS plate is thicker and the diameter of screws in the femoral LISS plate is larger than that of the screws in the tibial plate, which can increase the stability of fixation. The anteromedial aspect of the tibia is not covered by bulky muscles and important neurovascular structures, and hence, the surface can be clearly palpated; thus, facilitating fast and accurate insertion of screws with less risk of neurovascular injuries. In our study, the mean surgical duration was 32 minutes.
The plate-bone distance was 20 to 30 mm, which can increase the stability of fixation. According to the report by Stoffel et al. 18) on the biomechanics of a locking plate, the axial stiffness and torsional rigidity were mainly influenced by the working length. The number of screws also significantly affected the stability. In our study, a long femoral LISS plate with 9 to 11 holes was used. All screws were bicortical. All these features can increase both the axial and torsional stability. 19) All fractures healed without any complications in a mean time of 14 weeks.
The plate was placed on the anteromedial aspect of the tibia. Therefore, the motility of muscles was intact, which ensured a good range of motion. Because of its low profile, the femoral LISS plate can be easily concealed under the stockings. The patients could walk wearing normal trousers and there was much less tendency for the locking plate to strike the contralateral lower leg in the swing-through phase of either leg during ambulation. 20) In our study, all of the patients were allowed to walk with partial weight-bearing from the second postoperative day. None of the patients complained of pain caused by the screws. The mean HSS score was 91 (range, 85 to 100) and 98 (range, 93 to 100), and the mean AOFAS score was 94 (range, 90 to 100) and 98 (range, 95 to 100) at 4 weeks postoperatively and final follow-up, respectively. The functional recovery of adjacent joint was satisfactory. In the other report by the authors, 21) the tibial LISS plates were placed on the lateral aspect of the tibia and staged operations were performed for internal fixation. The laterally placed plate had many disadvantages. The large distance between the plate and the bone resulted in a large offset. The screws were unicortical. These factors decreased the stability of fixation. At the same time, the laterally placed screws passed through the muscles on the anterolateral aspect of the tibia which would compromise the motility of muscles and cause an uncomfortable feeling, pin-site effusion, and even neurovascular injuries.
The conventional surgical treatment for tibial fractures includes nailing and plating. It is not easy to achieve rigid stability using nailing in a metaphyseal fracture. Although some techniques have been reported to augment the fixation with nailing, such as a blocking screw, 22, 23) the placement of a blocking screw is not always easy and would increase the time of surgery. Another common complication of nailing is anterior knee pain, regardless of whether a transtendinous or peritendinous procedure is used. 24, 25) The clinical series with the use of an internal locking plate demonstrated favorable results; [26] [27] [28] however, complications such as malunion and infection are not rare.
With external plate fixation, it is not necessary to make two incisions to create a tunnel under the skin, which can provide better protection of the blood supply, decrease the postoperative pain and risk of infection. After fracture healing, the external plate was removed easily. In our study, all of the patients underwent uneventful plate removal in the clinic within 3 minutes. The average VAS score was 3.5 (range, 1 to 5). In contrast, the operation for removal of nails and internal locking plate could be troublesome in some cases. In the report by Raja et al. 29) on plate removal, the rate of complications was as high as 47%.
With respect to the rate of infections, it was reported to be approximately 1% in closed tibial shaft fractures, 5% for Gustilo type I, 10% for type II, and > 15% for type III. 30) In our study, all of the 10 open fractures underwent external fixation using the femoral LISS plate during the emergency operation. None of the fractures developed infections. There were 2 cases of superficial pin-site infections which were under control. There was no case of deep infection, nonunion, and loosening or breakage of plates and screws. All of the patients were satisfied with the outcome.
Our study has several limitations, including a relatively short follow-up and lack of a control group. The use of the femoral LISS plate, which was originally designed for internal fixation of the femur, as an external fixator to fix a tibial fracture is also controversial.
In conclusion, for most proximal metaphyseal fractures of the tibia, external fixation using the femoral LISS plate is a safe and reliable technique with minimal complications and excellent outcomes. The low profile plate can be concealed under stockings and it is aesthetically acceptable. It is easy to remove the hardware after fracture healing. The traditional and classic surgical treatment of a closed tibial fracture is internal fixation. In our study, the indication for external plate fixation was expanded to include both closed and open fractures. Although the results of external plate fixation are very good, its use is still controversial. More studies are needed to definitely confirm the result of this technique.
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